Introduction
============

Thyroid cancer ranks first among endocrine tumors and is increasing in prevalence in China, in particular papillary cancer of the thyroid gland ([@b1-ol-0-0-11108]). Thyroid-associated tests have been added to routine physical examinations and have increased the detection of thyroid cancers ([@b2-ol-0-0-11108]). Thyroid cancer-associated mortality is particularly prevalent in Asia and China. China accounts for 15.6% of thyroid cancer cases globally and 13.8% of global cancer-associated mortality ([@b3-ol-0-0-11108]). Thyroid cancer is a major disease threat in China.

Forkhead transcription factor M1 (FoxM1) possesses a 'wing helix' DNA binding domain, which is a common structural domain of the Forkhead family ([@b4-ol-0-0-11108]). The main function of FoxM1 is to regulate the transition G~1~ phase in cells, thereby regulating mitosis; thus, FoxM1 serves an important role in the cell growth cycle ([@b5-ol-0-0-11108],[@b6-ol-0-0-11108]). FoxM1 enhances the proliferation of cells, particularly in fetal tissues ([@b7-ol-0-0-11108]). Elevated expression of FoxM1 in tumors influences tumor occurrence and development, including promoting the growth of tumor cells, neovascularization, and the invasive spread of tumor cells ([@b8-ol-0-0-11108]). Elevated production of FoxM1 can prevent apoptosis of tumor cells and delay their aging ([@b9-ol-0-0-11108]). Previous studies have reported an association between FoxM1 expression and paclitaxel resistance in tumors, including those of breast cancer ([@b10-ol-0-0-11108]), colon cancer ([@b11-ol-0-0-11108]), gastric cancer ([@b12-ol-0-0-11108]), and liver cancer ([@b13-ol-0-0-11108]). It has been reported that when FoxM1 expression is silenced in tumor cells, the cells become sensitive to paclitaxel ([@b14-ol-0-0-11108]).

The role of FoxM1 in papillary thyroid carcinoma (PTC) remains unclear. In the present study, the proliferation, migration and invasion rate was detected in K1 human PTC cells with FoxM1 silencing. The molecular mechanism of FoxM1 has been thoroughly studied in previous reports ([@b15-ol-0-0-11108]). The present study was not concerned with the molecular mechanism, but rather with the effect of FoxM1 on tumor cells. The results demonstrated an association of FoxM1 expression with a number of biological behaviors of tumor cells, suggesting that FoxM1 may serve as a novel therapeutic gene target for PTC, in particular for patients who cannot have surgery or do not respond to chemotherapy.

Materials and methods
=====================

### Culture and passage of K1 human thyroid cancer cells

The K1 human thyroid cancer cell line was purchased from the Shanghai Cell Bank (Chinese Academy of Sciences), and preserved by the Central Laboratory of North China University of Science and Technology (Tangshan, China). K1 cells were cultured in RPMI-1640 complete medium (Biological Industries) containing penicillin, streptomycin, and 10% bovine embryo serum (Biological Industries) in an incubator maintained at 37°C with 5% CO~2~. K1 cell growth was monitored by optical microscopy, replenishing the medium every 24 to 48 h, according to cell growth. Following adherence of K1 cells to the wall of the culture flask and growth covering \~70% of the wall, the cells were passaged, and the shed cells and cell debris were removed gently by 2--3 washes with PBS. Trypsin (0.25%) was subsequently added to digest the cells. When cell morphology changed to a roughly spherical shape, and the cells had detached from the flask wall, complete medium was added to stop the digestion. The cells were evenly mixed in the medium and half were transferred to another culture flask, and cultured using the aforementioned conditions. As pancreatin affects cell growth, the medium was changed every 12 h.

### Transfection of FoxM1-small interfering RNA (siRNA)

The FoxM1-siRNA target sequence 5′-GGCUGCACUAUCAACAAUATTUAUUGUUGAUAGUGCAGCCTT-3′ was synthesized by Suzhou Gema Gene Limited. Lipofectamine 2000 was purchased from Invitrogen (Thermo Fisher Scientific, Inc.). Aliquots of detached cells with the appropriate density (70%) were seeded into 6-well plates. The cells were transfected when they had grown to an appropriate state (to the fastest growth rate) to avoid the effect of penicillin and streptomycin prior to transfection. The penicillin/streptomycin-free culture medium was changed 24 h prior to transfection, and the cells in the 6-well plates were washed twice with PBS prior to transfection. Uninoculated RPMI-1640 medium (1 ml) was added to each well, and the cells were incubated for 1 h to produce a starvation condition. siRNA (5 µl) and Lipofectamine^®^ 2000 (5 µl; Thermo Fisher Scientific, Inc.) were added to 500 µl blank RPMI-1640 medium and incubated for 5 min at 37°C. The two solutions were subsequently mixed and allowed to stand for 20 min at 37°C prior to being added into two wells with the starved cells forming the transfection group (group T). The above protocol was repeated with the replacement of the previous siRNA with the control siRNA (sequence 5′-CCAUGAGGAGUACUGCCAATT-3′) to prepare the non-meaning sequence group (group NM). The remaining two wells received only PBS and comprised the control (group CON). The 6-well plates were gently shaken to spread the liquid evenly on the bottom of the wells. After 6 h of transfection, the liquid was removed from each well, RPMI-1640 medium containing 10% serum was added, and culturing was continued for 48 h. The cells were then observed using fluorescence microscopy, and the proportion of fluorescent cells was recorded. Transfection was defined as successful when the proportion of cells with fluorescence exceeded 80% ([Fig. 1](#f1-ol-0-0-11108){ref-type="fig"}).

### Western blot analysis

To extract total protein, digested cells with appropriate density were prepared from a single cell suspension and centrifuged at 330 × g for 5 min at 37°C. A small volume of ice-cold PBS solution was subsequently added into the centrifugation bottle to resuspend and centrifuge the cells. This step was repeated twice. Following the final wash, the supernatant was removed and the cell pellet was resuspended in 200 µl RIPA pyrolysis working solution (Biological Industries) and transferred to an Eppendorf tube. The preparation was ultrasonicated for 10 sec to destroy the cells. After shaking 10 times, the cells were pipetted evenly on ice for 30 min, and centrifuged at 4°C for 15 min at 4,000 × g. The supernatant was stored at −20°C.

Protein was quantified using a bicinchoninic acid protein quantification kit, according to the manufacturer\'s protocols. The same volume of 2X protein loading buffer was added, followed by denaturation at 100°C for 5 min and preservation at −80°C for later use.

A volume containing 30 µg protein was used per well for SDS-PAGE with a 5% concentration gel and 10% separation gel. The previously prepared protein samples and markers were added sequentially to the wells for electrophoresis at 80 and 120 V, respectively. Following electrophoresis, the separation gel region, in which the proteins with different molecular weights became uniformly distributed, was removed and a PVDF membrane was soaked in methanol for about 5 sec, followed by rinsing with transmembrane solution. The transmembrane solution-soaked membrane was placed in a wet transmembrane apparatus in which the membrane was sandwiched between filter paper. Proteins were transferred from the gel to the membrane for 1 h at 90 V. The transmembrane solution on the membrane surface was washed away with Tris buffered saline-Tween 20 (TBST). The membrane was blocked using a solution of 10% skimmed milk for 2 h at 37°C.

The membrane surface was flushed with TBST, followed by shaking, and exposed to a primary antibody kit solution (Invitrogen; Thermo Fisher Scientific, Inc.) (FOXm1; cat. no. sc-271746; 1:500; Thermo Fisher Scientific, Inc.) at 4°C for 12 h. The membrane was rinsed two to three times (10 min each) with TBST, prior to shaking in the presence of pre-configured horseradish peroxidase-IgG secondary antibody kit (1:1,000; Invitrogen; Thermo Fisher Scientific, Inc.; cat. no. 31430) at 37°C for 2 h. The membrane was rinsed two to three times (10 min each) with TBST. A BeyoECL Star super-sensitized electrochemiluminescence kit, was used to detect proteins according to the manufacturer\'s protocols. ImageJ software (version 1.8.0; National Institutes of Health) was used to analyze the gray scale values of the immunofluorescent bands. The expression (%) of associated protein was calculated as (gray value of target protein/gray value of internal reference) ×100.

### Cell viability based on MTT assay

DMSO was purchased from Sigma-Aldrich; Merck KGaA. MTT was purchased from Amresco, LLC. Cells in each group were digested and single cell suspensions were prepared and evenly seeded in 96-well plates with appropriate cell densities (70%). An equal volume of PBS was added to the well to prevent a detrimental effect on cell growth, due to water evaporation. Each group comprised six wells, which were divided into 24, 48 and 72 h samples (two wells for each time). Each well received 20 µl MTT solution agent 4 h prior to each time-point to allow the formation of blue formazan. At 24, 48 or 72 h, the liquid in each well was removed and 150 µl DMSO was added, followed by shaking for 10 min. The optical density (OD) value of each well was measured at a wavelength of 490 mm, and blank wells were used for normalizing the spectrophotometer. The maximum and minimum values of each well were eliminated from the data, and the remaining data were averaged, with the experiment repeated three times. The inhibition rate (%) of FoxM1-siRNA on cell growth was calculated as (OD490~Group\ CON~-OD490 ~Group\ T~)/OD490 ~Group\ CON~ ×100.

### Migration scratch assay

The cell groups were cultured in 6-well plates in pairs (70%). When the cells had formed a monolayer covering the bottom of the well, a 200-µl pipette tip was used to make a scratch in each monolayer, with the width of the scratch \~0.6 mm. Each well was washed two to three times using PBS to remove non-adherent cells, cell debris and residual medium. RPMI-1640 medium was added (0 h). The wells were imaged at 0, 24, 48 and 72 h with a fluorescence microscope to observe the changes in the scratch area in the images.

### Invasion assay

Prior to the experiment, the prepared Matrigel (BD Biosciences) was placed at 4°C for 12 h. The Matrigel and blank RPMI-1640 medium were dispensed at a ratio of 1:9, and 20 µl prepared Matrigel was evenly spread on each Transwell chamber. Care was taken not to produce bubbles when adding the Matrigel. The Transwell chambers were subsequently placed into one incubator for 12 h to allow coagulation of the Matrigel. The cell groups were cultured for 48 h, digested, and subsequently seeded into the upper chamber with a cell density of 2×10^5^ cells/100 µl of serum-free, penicillin/streptomycin-free medium. A total of 600 µl RPMI-1640 medium containing only 10% serum was added to the lower chamber, which was subsequently transferred to an incubator for 18 h. The chamber was gently washed three times with PBS to remove the cells on the surface of the upper chamber. The chamber was soaked with 4% formaldehyde for 30 min at 37°C. The solution was removed and the chamber was rinsed with PBS and allowed to air-dry. The cells were then stained with 80% crystal violet for 15--20 min at 37°C and subsequently rinsed with distilled water. The polycarbonate membrane was cut from the chamber and placed on a glass slide. Subsequent to the membrane being air-dried, it was covered using neutral gum and with a cover glass to further to air-dry. Cells permeating the membrane were then observed by optical microscopy (magnification, ×200). Randomly selected visual fields (n=15) were examined to record the number of cells and the mean value was calculated. The experiment was repeated three times.

### Statistical analyses

The data were processed using SPSS 17.0 software (SPSS Inc.). The results are expressed as mean ± standard deviation. The results of cell migration and invasion tests were analyzed by one-way ANOVA. The results of MTT were analyzed using the ANOVA of repeated measurements. P\<0.05 considered to indicate a statistical significant difference.

Results
=======

### Expression of FoxM1 protein

The expression of FoxM1 protein in group T (cells transfected with siRNA targeting FoxM1) was lower compared with the other two groups (P\<0.05); however, there was no statistical significance between the CON and NM groups (P\>0.05; [Fig. 2](#f2-ol-0-0-11108){ref-type="fig"}; [Table I](#tI-ol-0-0-11108){ref-type="table"}).

### Cell proliferation

Cell growth in group T was significantly inhibited compared with the other two groups (P\<0.05). There was no significant difference between group NM and group CON (P\>0.05; [Table II](#tII-ol-0-0-11108){ref-type="table"}).

### Cell migration

After 24 h, the relative distance between the scratches in group CON (0.83±0.01) was significantly shorter than in group T (0.93±0.01; P\<0.05), indicating that the migration speed of the K1 cells was significantly slower following FoxM1 silencing compared with the CON and NM groups. Comparison of cell migration ability between the CON and NM groups indicated no statistically significant difference (P\>0.05; [Fig. 3](#f3-ol-0-0-11108){ref-type="fig"}; [Table III](#tIII-ol-0-0-11108){ref-type="table"}).

### Detection of in vitro invasive ability of tumor cells

There was no significant difference in the number of cells penetrating the matrix membrane in the NM group compared with the meaningless sequence group. This experiment confirmed that silencing FoxM1 significantly reduced the invasive ability of K1 human thyroid cancer cells. The mean numbers of the cells that penetrated the upper chamber, and reached the lower chamber were 37.20±3.96, 85.40±5.13 and 92.40±3.05/field in the T, NM and CON groups, respectively. There was a statistical significance between the CON and T groups (P\<0.001), indicating that compared with group CON, the number of cells penetrating the matrix membrane in group T was significantly reduced. There was no statistical significance between the CON and NM groups (P=0.20; [Fig. 4](#f4-ol-0-0-11108){ref-type="fig"} and [Table IV](#tIV-ol-0-0-11108){ref-type="table"}).

Discussion
==========

The results of the present study indicated that the proliferation, migration, and invasion of PTC cells are suppressed following FoxM1-silencing. The results are consistent with prior observations that inhibition of FoxM1 expression can alter the biological changes in tumor cell proliferation, migration, invasion, and other biological changes ([@b16-ol-0-0-11108]). Therefore, FoxM1 appears to promote several cancer-associated functions of PTC cells. The incidence rate of thyroid cancers in developing countries are high, as it accounts for only 1% of all malignant tumors ([@b17-ol-0-0-11108]). They remain however, the most common endocrine tumor, as thyroid cancers currently rank as the 10th most frequent tumor disease in China ([@b17-ol-0-0-11108]), among which PTC is the most common, accounting for \~70% of all types of thyroid cancers. Furthermore, the incidence of PTC is increasing ([@b18-ol-0-0-11108]). Malignancy of PTC is less common and its growth is relatively slow, making it prone to lymph node metastasis ([@b19-ol-0-0-11108]). Surgery is the most effective treatment method for thyroid cancers. However, the complex anatomy, rich blood supply and the endocrine effects of PTC can result in a number of postoperative complications ([@b20-ol-0-0-11108]). The postoperative 10-year survival rate is high; however, the recurrence rate is also high, which results in an increased mortality rate over time ([@b21-ol-0-0-11108]). Therefore, the need for novel targeted therapeutic drugs has become urgent. Physiological processes, including proliferation and apoptosis, are abnormal in tumor cells ([@b22-ol-0-0-11108]). FoxM1 is a member of the Forkhead transcription factor family ([@b23-ol-0-0-11108]). FoxM1 can regulate a number of metabolic-associated processes to maintain the balance of tumor cell proliferation and energy metabolism. Furthermore, FoxM1 is also involved in the regulation of tumor cell apoptosis, metastasis, and other related processes, and is associated with the metastasis, angiogenesis and epithelial-mesenchymal transition of tumor cells ([@b24-ol-0-0-11108],[@b25-ol-0-0-11108]). Abnormal expression of FoxM1 is associated with poor clinical classification and poor prognosis in patients with cancer ([@b26-ol-0-0-11108]).

Based on the aforementioned characteristics, a quantitative index diagnosis system of malignant tumors based on the FoxM1 gene was previously established ([@b27-ol-0-0-11108]). Subsequent studies have documented an accuracy of 94% against early oral, skin and neck cancers. Therefore, FoxM1 gene expression can be suggested as a reliable method for the early diagnosis of associated tumors and has great practical potential in the clinical diagnosis and treatment of tumors. FoxM1 has the same effect on other thyroid cancer cell lines ([@b28-ol-0-0-11108]) as its role in TPC-1 cell line has been demonstrated. Alvarez-Fernández and Medema ([@b16-ol-0-0-11108]) examined the underlying molecular mechanism of FoxM1, therefore this was not the focus of the present study; however, to the best of our knowledge, cell scratch test data have not been provided in earlier studies. The cell scratch test gauges the ability of cells, including cancer cells, to migrate. Metastasis of cancer often results in a poor prognosis. Therefore, controlling the spread of cancer by blunting metastasis is a prudent strategy for cancer control and prevention.

In summary, FoxM1 is crucial in the occurrence and growth of PTC, and may be a valuable target for treatment. This study demonstrated the effect of FoxM1 on the proliferation, migration and invasion ability of PTC cells, however it was not able to demonstrate the role of FoxM1 in PTC cells. Therefore, further examination of the other biological effects of FoxM1 on PTC cells is required, in order to verify the results of the present study.
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![Fluorescence microscopy 48 h following transfection with small interfering RNA targeting FoxM1 (magnification, ×200). FoxM1, Forkhead box transcription factor M1. (A) Fluorescence microscopy detection. (B) Light transmittance detection. (C) Merge of (A) and (B) Scale bar, 50 µm.](ol-19-01-0077-g00){#f1-ol-0-0-11108}

![Relative FoxM1 protein expression in each group. FoxM1, Forkhead box transcription factor M1; CON, blank control group; NM, non-meaning sequence group; T, transfection group.](ol-19-01-0077-g01){#f2-ol-0-0-11108}

![Changes in the migratory ability of cells following FoxM1-silencing. (A) Blank control group, (B) meaningless sequence group and (C) experimental group at 0 h. (D) Blank control group, (E) meaningless sequence group and (F) experimental group at 24 h. Scale bar, 100 µm. FoxM1, Forkhead box transcription factor M1.](ol-19-01-0077-g02){#f3-ol-0-0-11108}

![Detection of *in vitro* invasive ability of tumor cells. Cell number passing through the Transwell chamber (magnification, ×200). (A) Blank control group. (B) Meaningless sequence group. (C) Experimental group. Scale bar, 50 µm. FoxM1, Forkhead box transcription factor M1](ol-19-01-0077-g03){#f4-ol-0-0-11108}

###### 

Effect of FoxM1 silencing on protein expression (n=5).

  Group   FoxM1                                                     F         P-value
  ------- --------------------------------------------------------- --------- ---------
  CON     0.96±0.01^[a](#tfn1-ol-0-0-11108){ref-type="table-fn"}^   1818.57   \<0.001
  NM      0.95±0.01^[a](#tfn1-ol-0-0-11108){ref-type="table-fn"}^             
  T       0.27±0.03                                                           

P\<0.05 vs. group T. FoxM1, Forkhead box transcription factor M1; CON, blank control group; NM, non-meaning sequence group; T, transfection group.

###### 

Effect of FoxM1 silencing on K1 cell growth (n=6).

       Group                                                                                                                                   
  ---- --------------------------------------------------------- --------------------------------------------------------- ----------- ------- ---------
  24   0.48±0.01^[a](#tfn2-ol-0-0-11108){ref-type="table-fn"}^   0.46±0.02^[a](#tfn2-ol-0-0-11108){ref-type="table-fn"}^   0.36±0.02   73.29   \<0.001
  48   0.66±0.04^[a](#tfn2-ol-0-0-11108){ref-type="table-fn"}^   0.64±0.02^[a](#tfn2-ol-0-0-11108){ref-type="table-fn"}^   0.48±0.01   72.50   \<0.001
  72   0.72±0.03^[a](#tfn2-ol-0-0-11108){ref-type="table-fn"}^   0.71±0.01^[a](#tfn2-ol-0-0-11108){ref-type="table-fn"}^   0.57±0.02   99.11   \<0.001

P\<0.05 vs. group T. FoxM1, Forkhead box transcription factor M1; CON, blank control group; NM, non-meaning sequence group; T, transfection group.

###### 

Effect of FoxM1 silencing on cell migration (n=9).

  Group   Scratch area at 24 h                                      F        P-value
  ------- --------------------------------------------------------- -------- ---------
  CON     0.83±0.01^[a](#tfn3-ol-0-0-11108){ref-type="table-fn"}^   137.71   \<0.001
  NM      0.82±0.01^[a](#tfn3-ol-0-0-11108){ref-type="table-fn"}^            
  T       0.93±0.01                                                          

P\<0.05 vs. group T. FoxM1, Forkhead box transcription factor M1; CON, blank control group; NM, non-meaning sequence group; T, transfection group.

###### 

Effect of FoxM1 silencing on invasion in a Transwell chamber assay (n=20).

  Group   Amount of cells (cells/field)                              F        P-value
  ------- ---------------------------------------------------------- -------- ---------
  CON     92.40±3.05^[a](#tfn4-ol-0-0-11108){ref-type="table-fn"}^   264.09   \<0.001
  NM      85.40±5.13^[a](#tfn4-ol-0-0-11108){ref-type="table-fn"}^            
  T       37.20±3.96                                                          

P\<0.05 vs. group T. FoxM1, Forkhead box transcription factor M1; CON, blank control group; NM, non-meaning sequence group; T, transfection group.
